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IN THE U NITED STATFS PATENT & TRADF.MARK OFFTrP. 

IN RE APPLICATION OF : 

MOOKAMBESWARAN 
VIJAYALAKSHMI ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW US PCT APPLN. : 
(Based on PCT/FR99/02635) 

FILED: HEREWITH : 

FOR: USE OF AN ADSORBENT GEL : 
FOR ELIMINATING AND 
PURIFYING BIOMOLECULES 

PRELIMINARY AMRNDMPNT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows: 

IN THE CLAIMS 
Please amend the claims as follows: 

5. (Amended) Device according to claim 2, characterized in that the biomolecule is 
serum p2-microglobulin. 

6. (Amended) Use of the device according to claim 1 for removing biomolecules 
from blood, with the exception of extracorporeal dialysis. 

9. (Amended) Device according to claim 1, characterized in that the device is an 
extracorporeal dialysis system. 
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Claims 1-9 are active in the present application. The claims are amended to remove 
multiple dependencies. No new^ matter is added. An action on the merits and allowance of 
the claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Norman F. Obion 
Attorney of Record 
Registration No. 24,6 1 8 



Daniel J. Pereira, Ph.D. 
Registration No. 45,5 1 8 
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Marked - Up Copy 

Serial No: 
Amendment Filed on: 



IN THE CLAIMS 
Please amend the claims as follows: 

—5. (Amended) Device according to claim 2 [or claim 4], characterized in that the 
biomolecule is serum P2-microglobulin. 

6. (Amended) Use of the device according to [claims 1 to 5] claim 1 for removing 
biomolecules from blood, with the exception of extracorporeal dialysis. 

9. (Amended) Device according to [any one of claims 1 to 5] claim 1 , characterized 
in that the device is an extracorporeal dialysis system.— 
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WO 00/25911 PCT/FR99/02635 

JC08 Rec'd PCT/PTO 3 0 APR 2001 

USE OF AN ADSORBENT GEL FOR ELIMINATING AND PURIFYING 
BIOMOLECULES 

The present invention relates to the use of an 
5 adsorbent gel combining the properties of size 
exclusion and affinity chromatographies (AdSEC, for 
"Adsorptive Size Ejccluslon Chromatography"). 

The principle of an AdSEC gel results from the 
fusion of two chromatographic techniques: size 

10 exclusion and affinity, so as to obtain supports 
combining the most advantageous properties thereof. 

Size exclusion chromatography (gel filtration) 
allows the separation of molecules according to their 
steric bulk alone during their passive diffusion in a 

15 molecular sieve (gel) . The largest molecules cannot 
penetrate the crosslinked matrix and are consequently 
excluded more rapidly from the column. This technique 
possesses the characteristic feature of not exhibiting 
interactions between the support and the molecules, and 

20 therefore of being relatively only slightly sensitive 
to the biochemical conditions (pH, . ionic strength) of 
the solution. On the other hand, because of its 
principle of diffusion, the limiting factors for its 
use are generally a long operation time (because low 

25 flow rates are used) , as well as a relatively limited 
deposition of samples (1 to 5% of the coluimi volume). 

Affinity chromatography is based on molecular 
interactions between the support (matrix onto which 
affinity ligands are grafted) and the molecules to be 

30 separated. Among these affinity ligands, immobilized 
metal ions, introduced in 197 5 by Porath et al . 
(Nature, 1975, 21. 598-599), represent a method of 
separation based on the interactions (coordination 
bonds) between biomolecules in solution and metal ions 

3 5 immobilized on a support; Zn { II ) , Cu ( II ) , Ni(II) and 
Co (II) ions are the most commonly used. This is 
described as immobilized metal ion affinity 
chromatography (IMAC) . 
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The combined use of the principles of size 
exclusion and affinity chromatographies (AdSEC) has 
been discussed by Porath et al . (Int. J. of Bio- 
Chromatogr,, 1997, 3, 9 - 17). These authors have shown 
5 that iminodiacetic derivatives of dextran bearing metal 
ions as affinity ligand allow size exclusion and are 
capable of effectively concentrating solutions by their 
properties of adsorption and affinity. These authors 
have shown that an AdSEC gel column having a volume of 

10 5 ml could bind a high percentage of compounds having a 
molecular weight of between 5 kDa and 5 0 kDa and 
concentrate them about 1000 fold in a single operation. 

Such supports make it possible to adsorb the 
smallest molecules (having affinity for the grafted 

15 ligand) at high rates and volumes (not permitted in gel 
filtration) . Moreover, during the synthesis of the 
adsorbent gel, the threshold of accessibility to the 
affinity ligand may be modulated during the synthesis 
of the gel according to the size of the biomolecule to 

20 be removed or to be purified. 

Terminal renal insufficiency currently affects 
22,000 people in France of which 20,000 are treated by 
iterative hemodialysis . Only 18 00 can hope to undergo 
transplants each year, knowing that a cjuarter of them 

25 will return within 5 years to hemodialysis because of a 
rejection while waiting for a new transplant. 

The survival of the uremic individual, all 
methods considered, can exceed 2 5 years if they do not 
suffer from a severe cardiovascular condition. In this 

30 case, the quality of survival is profoundly impaired 
over the years by the osteoarticular complications of 
terminal uremia, at the forefront of which there are 
described erosive arthropathies subsequent to 
depositions of P2 -microglobulin (p2-M) . 

3 5 The mechanism of onset of these arthropathies 

begins as soon as the renal insufficiency responsible 
for accumulation of p2 -microglobulin appears. This 
protein, having a molecular weight of 11,800 Da, will 
accumulate in the body over the years and become 
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selectively deposited at the level of the cervical 
disks, of the shoulders, of the hips and of the wrists. 
Cardiac and digestive depositions have been reported. 
These depositions will make fragile the joint and the 
5 adjacent bone up to total destruction of the joint . 
Thus, a breakdown of the vertebral bodies is observed 
which can cause medullary compression with loss of 
control of the four members, irreversible articular 
luxations, loss of prehension in the hands and 

10 pseudof ractures of the hip. Ductal nerve compressions 
are observed such as the carpal tunnel syndrome. 

These complications irremediably lead the 
uremic individual toward invalidity and the bedridden 
state which conventional methods of dialysis cannot 

15 prevent. A transplant allows these lesions to be 
stabilized . 

To effectively prevent these complications, it 
is important to be able to effectively purify the 
polluting components of blood, in particular (32- 
2 0 microglobulin, which are synthesized daily by the body 
and which are not , or not sufficiently, removed by the 
defective kidneys in dialyzed patients. 

The purification of these various biomolecules 
can only be done on artificial membranes during 
25 dialysis, which are currently not sufficiently 
effective in spite of purification by filtration and 
nonspecific membrane adsorption. 

The existing techniques for removing 
biomolecules, including P2 -microglobulin , are currently 
30 of 3 types: 

1 . Removal of biomolecules by hemodialysis 
Hemodialysis is a technique intended for 
subjects suffering from partial or complete renal 
insufficiency (Figure 1) . It consists in extracorporeal 
3 5 treatment of blood, providing the same functions as the 
kidney using a membrane process . The essential part of 
the hemodialyzer (1) is an exchange membrane, on either 
side of which circulate countercurrentwise the 
patient's blood and the dialyzate obtained from the 



hemodialysis generator (2), This technique allows the 
purification of the small molecular weight compounds 
polluting the blood, such as urea, amino acids, 
inorganic salts, which are normally removed by the 
5 kidney. In the case of serum ^2 -microglobulin, the 
various dialysis membranes commonly used possess two 
antagonistic properties: 

capture of p2 -microglobulin by nonspecific 
adsorption on the membrane, 

10 - generation of P2 -microglobulin by detachment 

of this molecule which is noncovalently associated with 
the surface of nucleated blood cells in the major 
histocompatibility complex type I. 

The degree of generation of p2-microglobulin is 

15 one of the criteria which define the biocompatibility 
of the membranes. Thus, endowed with these two 
antagonist properties, some membranes lead overall, 
during a hemodialysis session, to an increase in the 
concentration of p2-microglobulin, whereas others 

20 reduce it. 

However, regardless of the membranes used, 
these results level out over periods of over one year. 
Thus, it has been observed that the plasma level of P2- 
microglobulin in uremic patients after fifteen months 

25 of dialysis was invariably increased to be between 40 
and 50 mg/1 (against 1 to 2 mg/1 in healthy patients) . 
Such problems of biocompatibility also exist for the 
other biomolecules . 

2 . Removal of the biomolecules by 

3 0 hemof iltiratioii 

Once per month, the dialyzed individual is 
subjected to an ultrafiltration session. The module 
used (1) possesses a higher cut-off than in 
hemodialysis (average cut-off of 40 kDa) and allows the 

3 5 removal, by filtration, of the small molecules from 
plasma, including the smallest proteins, such as p2- 
microglobulin (Figure 2). During an ultrafiltration 
session, the loss of plasma water is compensated by an 
equivalent supply of physiological saline (3). 
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The qualitative results, with respect to the 
removal of ^2 -microglobulin (purification and 
generation of this molecule by ultrafiltration 
membranes) , are similar to those obtained in 
5 hemodialysis . There is thus a great influence of the 
nature of the membrane and of the duration of the 
hemof iltration. While some membranes appear to remove 
more p2-microglobulin over 5 hours (one session) , a 
leveling out of the results is also observed over time. 

10 At the qiaantitative level, it appears that about 50% of 
the serum p2 -microglobulin is removed per 
hemof iltration session. However, even if this technique 
is more effective for the purification of P2- 
microglobulin than hemodialysis, it remains inadequate 

15 for preventing and stopping the appearance of the 
disease. Furthermore, this technique has the 
disadvantage of removing numerous other small proteins 
apart from ^2 -microglobulin, since the ultraf iltrate is 
removed permanently . 

2 0 3 . Coliunn/hemodialyzer coupling 

This method has been presented as an 
alternative to the customary hemodialysis and 
ultrafiltration methods (Nakazawa et al . , Int. J. 
Artif. Organs, 1994, 17, 203-208). It consists in a 

2 5 serial adsorption of the biomolecules on a porous 

cellulose gel (350 ml of adsorbent) , followed by 
conventional hemodialysis. In the case of (32- 
microglobulin, the gel is described as having a 
theoretical capacity for (32 -microglobulin of 1 mg per 
30 ml of adsorbent. The results obtained are the best 
described in the literature, since in a patient in whom 
the initial P2 -microglobulin level was 30 mg/1, this 
system made it possible to reduce the (32-microglobulin 
concentration to 10 mg/1 final after 6 months of 

3 5 treatment. The authors presented an improvement in 

delaying the appearance of amyloid deposits in 2 cases 
out of 3, in their patients after therapy. 

However, a drop in the concentration of some 
serum molecules (retinol binding protein, lysozymes) is 



also observed after treatment. This phenomenon is 
attributable to the direct passage of the blood through 
the adsorbent, which is likely to cause problems of 
biocompatibility . 
5 Thus, the existing techniques for removing p2- 

microglobulin and other biomolecules have mainly two 
limits : 

- the biocompatibility of the supports, in particular 
for the generation of p2 -microglobulin, that is to say 

10 the equilibrium between nonspecific adsorption on the 
membrane and the generation of p2 -microglobulin during 
the passage of the cells in contact with them; this 
equilibrium determines the quantity of P2 -microglobulin 
really removed during a hemodialysis or hemof iltration 

15 session. 

the specificity of the substrate: indeed, the 
techniques of hemof iltration and of aspecific binding 
with ligands coupled to gels lead to the undesirable 
removal of other molecules from serum. 

2 0 A device for removing ^2 -microglobulin or any 

other biomolecule should therefore combine satisfactory 
(quantitative) removal with specific (qualitative) 
removal of the molecule in question. 

In the present invention, the inventors 

25 therefore set themselves as objective: 

- the use , in a device intended to remove biomolecules , 
of an adsorbent gel combining the properties of size 
exclusion and affinity chromatographies, said gel 
essentially consisting of a polysaccharide matrix onto 

30 which is grafted a polymer coupled to an affinity 
ligand (AdSEC, for ^'Adsorpti^/e Size Exclusion 
Chromatography" gel) and having an adjustable cut-off 
of between 2 kDa and 6 0 kDa, 

- the use of an AdSEC gel for separating and purifying 
35 biomolecules having a molecular weight of between 2 kDa 

and 6 0 kDa , 

- a device intended for the removal of biomolecules 
having a molecular weight of between 2 kDa and 60 kDa 
comprising an ultrafiltration module optionally 



upstream and in series with a dialysis module and using 
an AdSEC gel column having an adjustable cut-off of 
between 2 kDa and 60 kDa, said column being mounted 
branching off from said ultrafiltration module; this 
5 device makes it possible to dispense with the problems 
of biocompatibility and to specifically remove the 
desired biomolecules , 

- a device for purifying biomolecules having a weight 
of between 2 kDa and 60 kDa using an AdSEC gel column 

10 having an adjustable cut-off of between 2 kDa and 
60 kDa, said column optionally branching off from a 
filtration system; this device makes it possible to 
separate normal biomolecules and biomolecules modified 
for example by glycation. 

15 In one advantageous embodiment, the 

polysaccharide matrix is agarose or is based on an 
agarose derivative, the polymer may be polyethylene 
glycol (PEG) or polypropylene glycol (PPG) and the 
affinity ligand may be, for example, a metal-chelating 

20 agent coupled to metal ions, a protein, a peptide, an 
enzyme substrate or an enzyme inhibitor. 

In a preferred embodiment, the adsorbent gel 
consists of a matrix based on an agarose derivative 
onto which is grafted polyethylene glycol coupled to 

25 iminodiacetic acid (IDA) itself coupled to metal ions, 
for example copper (I) ions; this complex is called 
IMAdSEC Iiumobillzed Metal ion Adsorptlve Size 

Exclusion Chromatography") gel. 

In an also preferred embodiment, the cut-off of 

30 the adsorbent gel is 20 kDa, thus allowing the removal 
or the purification of biomolecules whose molecular 
weight is less than 20 kDa, in particular serum P2- 
microglobulin . 

The purification system according to the 

3 5 present invention possesses the characteristic feature 
of placing the adsorbent gel for the biomolecule to be 
removed branching from the circulation system for 
purifying. Thus, when blood is purified, there is at no 
time contact between the gel and the formed elements of 



the blood, therefore the problems of biocompatibili ty 
(for example generation of P2 -microglobulin through 
contact with the nucleated cells of the blood) or 
hemolysis of the cells in contact with the gel are 
5 avoided. 

Furthermore , unlike the other techniques 
currently used, the purification of the biomolecule to 
be removed or to be purified is carried out using a 
ligand which will retain only this molecule. This 

10 specificity is obtained by virtue of the double sieving 
of the ultrafiltration membrane (which retains for 
example the formed elements of the blood and the large 
serum molecules) and of the AdSEC gel which prevents 
access to the ligand for other molecules with affinity 

15 for the affinity ligand but whose size is greater than 
the cut-off of the gel . 

The other advantage of the use of this AdSEC 
gel is its ease of regeneration. For example, when a 
metal is used as affinity ligand, it may be chelated by 

2 0 a solution of EDTA, which makes it possible to detach 
any molecule adsorbed onto the gel, thus allowing 
cleaning of the gel, its regeneration with a new metal 
load and its sterilization. 

The removal system according to the invention 

2 5 may be used for example in the context of kidney 

dialysis; in this case, there is an additional 
advantage linked to the fact that the fraction purified 
by passage over the AdSEC gel returns to the patient , 
thus limiting losses of other elements present in the 
30 blood. 

In addition to the preceding features, the 
invention further comprises other features which will 
emerge from the description which follows, which refers 
to examples as well as to the appended figures in 

3 5 which: 

Figure 1 represents the general diagram for 
renal dialysis; (1) hemodialyzer , (2) hemodialysis 
generator, (3 ) pump. 
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Figure 2 represents the diagram for a 
hemof iltration by ultrafiltration; (1) hemofilter, 
(2) hemodialysis generator, (3) physiological 
saline, (4) pump, 
5 - Figure 3 illustrates the chromatographies on metal 
ions (copper) immobilized on 3 types of gels: A 
Sepharose® 4B-IDA-copper , peak 1: nonadsorbed 
proteins; peak 2: elution at pH 6.0; peak 3: 
elution at pH 5.0; peak 4: elution at 4.0; peak 5: 

10 elution at pH 3.0; peak 6: 2 5 mM EDTA. B 

Novarose®- IDA-copper , peak 1 : nonadsorbed 
proteins; peak 2: elution at pH 6.0; peak 3: 
elution at pH 5.0; peak 4: elution at pH 4.0; peak 
5: elution at pH 3.0; peak 6: 2 5 mM EDTA. C 

15 Novarose®-PEG/ IDA-copper (IMAdSEC) , peak 1: 

nonadsorbed proteins; peak 2: elution at pH 6,0; 
peak 3: elution at pH 5.0; peak 4: elution at pH 
4.0; peak 5: elution at pH 3.0 (1st peak); peak 5' 
elution at pH 3.0 (2nd peak); peak 6: 25 mM EDTA, 

20 - Figure 4 illustrates the elec trophoretic 

analysis of the fractions separated by 
chromatography illustrated in Figure 3; the 
numbers correspond to the fractions separated by 
chromatography in Figure 3; A Sepharose® 4B-IDA- 

25 copper. B Novarose®- IDA-copper . C Novarose®- 

PEG/ IDA-copper (IMAdSEC) . This figure illustrates 
the specificity of the IMAdSEC gel for p2- 
microglobulin relative to the two other types of 
gel , 

30 - Figure 5 illustrates the analysis by mass 

spectrometry of the protein composition of the 
starting ultraf iltrate and of the fraction 
retained on IMAdSEC gel. A (I) spectrum for the 
ultraf iltrate, (II) deconvolution of the spectrum 

35 (a) calculation of the mass of P2-microglobulin 

(b) calculation of the mass of albumin. B (I) 
spectrum for the purified fraction, (II) 
deconvolution of the spectrum and calculation of 
the mass of P2-microglobulin, 



- Figure 6 illustrates the capacity of the IMAdSEC 
gel for p2 -microglobulin, 

- Figure 7 illustrates the mounting, on a branch, 
of a filtration module of the purification device 
according to the invention ; ( 1 ) ultrafiltration 
module , ( 2 ) column containing the IMAdSEC gel , ( 3 ) 
pumps , ( 4 ) ultraf iltrate , 

- Figure 8 illustrates the capacity of the device 
illustrated in Figure 7 for the removal of P2- 
microglobulin from an ultraf iltrate of a uremic 
patient , 

Figure 9 illustrates the electrophoretic 
analysis of the fractions separated by 
chromatography illustrated in Figure 8 ; 1 : 
ultraf iltrate; 2 : 15 minutes of passage over the 
IMAdSEC gel; 3 : 3 0 minutes of passage over the 
IMAdSEC gel ; 4 : 12 0 minutes of passage over the 
IMAdSEC gel; 5: fraction eluted at pH 5.0; 6: 
fraction eluted at pH 4.0; 7 fraction eluted at pH 
3.0; 8: fraction eluted with EDTA, 9: protein 
standard. 

Figure 10 represents a hemodialysis system 
comprising the device according to the invention; 
(1) hemof liter , (2 ) hemodialyzer , (3 ) IMAdSEC 
column, (4) hemodialysis generator, (5) blood pump 
and (6) ultrafiltration pump. 



EXAMPLE 1 

Determination of the specificity and of the capacity of 
an IMAdSEC gel: (Novarose®- PEG /IDA- copper) for p2- 

mi c r og 1 obu 1 in 

1. Synthesis of the Novarose®-PEG/IDA-copper 

gel : 

Step 1 : coupling of PEG and creation of the 
cut-off of the gel: 

10 g of Novarose® Act High 100/40 (INOVATA, 
Bromma, Sweden) , previously dried by suction, are taken 
up in 5 ml of 1 M Na2C03 , pH > 12 and 5 ml of deionized 
water. 5 ml of 1 M NasCOs , pH > 12, 5 ml of deionized 
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water and 3 0 ml of NH2-PEG-NH2 at 10% in 1 M Na2C03, pH 
> 12 , are added. The mixture is left under gentle 
stirring at room temperature ( 22 *=*C ) for 1 to 24 hours 
depending on the desired cut-off (this time is 4 hours 
5 for a cut-off of 2 0 kDa which is the desired cut-off 
for P2-microglobulin) . 

Step 2 : coupling of the ligand : iminodiacetic 
acid (IDA) . 

The gel obtained in step 1 is rinsed on 
10 sintered material (by suction) with a solution of 
deionized water. It is resuspended in a solution 
comprising 15 ml of 1 M Na2C03 , pH > 12, 15 ml of 
deionized water, and 10 ml of a solution of IDA at 10% 
in 1 M Na2C03, pH > 12. The mixture is left under gentle 
15 stirring at room temperature (22^C) for 48 hours. The 
IMAdSEC gel is rinsed on sintered material successively 
with deionized water, with a 1 M solution of sodium 
hydroxide, with deionized water, with a 0 . IM solution 
of hydrochloric acid, and then with deionized water. 
2 0 The gel thus obtained is kept at 4°C in a solution of 
2 0% ethanol until it is used . 

Step 3 : coupling of the metal ions (copper Cu 
II ions) : 

The metal load is prepared using an aqueous 
25 solution of copper sulfate at 50 mM under conventional 
conditions . 

2 • Preparation of the biological solutions 
The products are derived from the 
hemof iltration of blood during an ultrafiltration 
30 session in the context of the treatment of uremic 
patients (Figure 2). Ultraf il trates (pH 7.2, 13 mS/cm) 
are used whose 32-microglobulin concentration varies 
from 7 to 20 mg/1 according to the patients. 

3 . Specificity of the Novarose®-PEG/IDA"Copper 
35 gel for P 2 -microglobulin compared witli gels without 
sieving Sepliarose®4B-IDA-copper and Novarose®-IDA- 
copper 



PROCEDURE : 
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3 gels were tested: Sepharose®4B-IDA-copper , 
Novarose®-IDA-copper (IMAC gels), and Novarose®- 
PEG/ IDA-copper { IMAdSEC gel ) , for their capacity to 
adsorb the molecules of the ultraf iltrate from a uremic 
patient. The Sepharose® 4B-IDA gel was prepared 
according to the protocol described by Sundberg and 
Porath (J. Chromatogr., 1974, 90, 87-98). The 
Novarose®-IDA gel results from the same protocol as 
that described above at- point 1 for the synthesis of 
the IMAdSEC gel , where only the second and the third 
steps were carried out (no prior activation of the gel 
with PEG) . 2 ml of gel are applied to a column 
(diameter 1 cm) and low-pressure chromatography 
(1 ml/min) is carried out. 10 ml of ultraf iltrate from 
a patient, whose P2-microglobulin concentration is 
20 fxg/ml, are passed over each of the 3 different gels 
in closed circuit for 20 minutes. The equilibration and 
the rinsing of each column after adsorption of the 
ultraf iltrate are performed with an MMA buffer of pH 
7.0 (MMA = MOPS, MES, Acetate, 25 mM each). The elution 
is carried out with a discontinuous decreasing pH 
gradient (buffer, 2 5 mM MMA, pH 6.0, then pH 5.0, then 
pH 4.0 and 2 5 mM glycine at pH 3.0), and then with a 
solution of EDTA (50 mM) to detach the copper. The 
protein content is measured during the chromatography 
by reading the optical density (X = 280 nm) with a 
detector placed at the outlet of the column. The assay 
of P2-microglobulin is carried out by an immunological 
assay (rabbit polyclonal antibody ant i -human P2- 
microglobulin, Dako , Denmark) using a nephelometry 
apparatus (Beckman, USA) . The various fractions are 
analyzed by SDS-PAGE electrophoresis, according to the 
protocol described by Laemmli (Nature, 1970, 227 , 680- 
685), and staining of the proteins with silver nitrate. 
After desalting and concentration, the fractions are 
analyzed by mass spectrometry (ESI-MS for ElectroSpray 
lonisation Mass Spectrometry" technique) , whose 
sensitivity, determining the mass to the nearest 
dalton, makes it possible to identify the molecules. 
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RESULTS : 

* The chromatography on Sepharose® 4B-IDA- 
copper gel (Figure 3a) shows that, while the (32- 
microglobulin has a high affinity for the chelated 

5 copper, its elution occurs in the same fractions as the 
albumin (Figure 4A) . All the proteins of the 
ultraf iltrate are adsorbed onto the gel, which 
therefore exhibits no specificity for P2-microglobulin. 

* The chromatography on Novarose -IDA-copper 
10 gel (Figure 3B) also shows that this type of gel allows 

the adsorption of all the proteins of the ultraf iltrate 
(Figure 4B) . Its capacity in relation to copper which 
is lower than that of Sepharose®-4B-IDA results, on the 
other hand, in elutions of proteins during the 
15 discontinuous pH gradient, unlike the Sepharose® 4B-IDA 
gel (Figure 4B versus 4A) . Like the latter, it does not 
offer specificity for ^2 -microglobulin (Figure 4B) . 

* The chromatography on Novarose -PEG/IDA- 
copper gel, on the other hand, allowed the adsorption 

20 of solely the p2 -microglobulin of the ultraf iltrate 
from the patient. Its elution takes place at pH 3.0 as 
two distinct peaks (Figure 4C) . 

In the three types of chromatography, the 
analyses by nephelometry confirm the complete 
2 5 disappearance of P2 -microglobulin from the 

ultraf iltrate fraction passed over the 3 types of gel 
and its elution from the column. 

ESI-MS analysis shows that the chromatography 
on IMAdSEC gel makes it possible to pass from a 
30 fraction consisting of a starting mixture: albumin + 
p2 -microglobulin, to a fraction eluted at pH 3.0 which 
contains only P2-microglobulin (Figure 5A versus 5B) . 

These results show the affinity of (32- 
microglobulin for the ligand (chelated metal, here 
35 copper) and the specificity offered by the molecular 
sieving (coupling of PEG) of the IMAdSEC gel compared 
with the conventional IMAC gels. 

4 . Capacity of the IMAdSEC -copper gel for p2" 



microglobulin 
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PROCEDURE : 

50 ml of ultraf iltrate from a uremic patient, 
containing 350 ^ig of p2-microglobulin (that is a ^2- 
microglobulin concentration of 7 |Ag/ml) circulates in 
5 closed circuit for 150 minutes on 0.65 ml of IMAdSEC 
gel under the same chromatographic conditions as above 
(flow rate = 1 ml/min) . The elution is carried out 
directly at pH 4.0 (Figure 6). 
RESULTS : 

10 After 150 minutes, the ^2 -microglobulin 

concentration measured by nephelometry is 2,3 |J.g/ml, 
that is a remaining |32 -microglobulin quantity of 
115 ixg. Consequently, 235 \ig of p2 -microglobulin were 
bound to the 0.65 ml of gel, which corresponds to a 

15 binding capacity of the IMAdSEC- copper gel of 3 60 
^ig/ml, SDS-PAGE and ESI-MS analysis of the fractions 
was carried out as described above. The quantity of P2- 
microglobulin, eluted at pH 4.0, is about 180 |J,g 
instead of 23 5 )ig expected. The difference may be 

2 0 explained by the absence of measurement of the rinsing 

and EDTA fractions which are also likely to contain P2- 
microglobulin. 

These results suggest that, taking into account 
these performances and this specificity for P2- 
25 microglobulin, a column of 500 to 750 ml of IMAdSEC- 
copper gel would make it possible to remove 250 mg of 
P2-microglobulin, a quantity which corresponds to 5 
liters of blood at a P2 -microglobulin concentration of 
5 0 mg/1. 

30 

EXAMPLE 2 

Separation and purification of P2 -microglobulin by a 
device comprising the coupling of an ultrafiltration 
module and an IMAdSEC column 

3 5 PROCEDURE 

The assembly represented in Figure 7 is used. 
The ultrafiltration module (1) used is composed of 100 
Polysulfone hollow fibers drawn from a commercial 
ultrafiltration module model Fresenius F80. 



50 ml of ultraf iltrate from a uremic patient 
(p2 -microglobulin concentration = 7 ^.g/ml) are passed 
in a closed circuit for 3 hours on the 
ultraf iltration/column of IMAdSEC gel (0.65 ml of 
IMAdSEC gel) minimodule assembly. The chromatography 
conditions are those of Example 1, namely: buffer, 
25 mM MMA, pH 6.0, then pH 5.0, then pH 4 . 0 • and 
2 5 mM glycine at pH 3.0, then 5 0 mM EDTA to elute the 
copper chelated on the gel. 

After 3 hours, the P2-microglobulin 

concentration in the reservoir is measured by 
nephelometry . 
RESULTS 

The concentration passes from 7 \xg/m.l of P2- 
microglobulin (that is a starting quantity of 3 50 ^ig) 
to about 1 M-g/ml (50 M.g of p2-microglobulin remaining) . 
Consequently, about 3 00 ^g of [32-microglobulin were 
bound to the 0,65 ml of IMAdSEC gel, which corresponds 
to a binding capacity of the IMAdSEC gel for P2- 
microglobulin of 461 iLig/ml, 

ESI-MS (Figure 8 ) and SDS-PAGE (Figure 9 ) 
analysis of the fractions show that the p2- 
microglobulin was adsorbed specifically by the IMAdSEC 
gel. It is eluted as two main fractions at pH 4.0 and 
pH 5.0. 

These results suggest that the IMAdSEC gel 
could be useful for the separation of biomolecules and 
their isoforms such as for example normal P2- 
microglobulin and glycated P2-microglobulin, 
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AMENDED CIAIMS 

[received by the International Bureau on 10 April 2000 
(10.04.00); original claims 1-16 replaced by new claims 

1-9 (2 pages) ] 



1. Device for removing biomolecules comprising an 
ultrafiltration module optionally upstream and in 
series with a dialysis module, characterized in that 
this device further comprises a column containing an 

10 adsorbent gel combining the properties of size 
exclusion and affinity chromatographies, said adsorbent 
gel consisting essentially of a polysaccharide matrix 
onto which is grafted a polymer coupled to an affinity 
ligand and having an adjustable cut-off of between 

15 2 kDA and 60 kDa, said column being mounted branching 
from said ultrafiltration module. 

2, Device according to claim 1> characterized in 
that the adsorbent gel consists of a matrix based on an 
agarose derivative onto which is grafted polyethylene 

20 glycol coupled to iminodiacetic acid itself coupled to 
copper (I) ions and having a cut-off of 2 0 kDa . 

3. Device for separating and purifying 
biomolecules comprising a column, containing an 
adsorbent gel combining the properties of size 

2 5 exclusion and affinity chromatographies, said gel 

consisting essentially of a polysaccharide matrix onto 
which is grafted a polymer coupled to an affinity 
ligand and having an adjustable cut-off of between 
2 kDa and 60 kDa, said column being optionally mounted 

3 0 branching from a filtration module. 

4, Device according to claim 3, characterized in 
that the adsorbent gel consists of a matrix based on an 
agarose derivative onto which is grafted polyethylene 
glycol coupled to iminodiacetic acid itself coupled to 

35 copper (I) ions and having a cut-off of 20 kDa. 



AMENDED SHEET (ARTICLE 19) 



5. Device according to claim 2 or claim 4, 
characterized in that the biomolecule is:/ seriim p2- 
microglobulin . 

6. Use of the device according to claims 1 tor. 5 
5 for removing biomolecules from blood, with' 'the 

exception of extracorporeal dialysis. 

7. Use according to claim 6, characterized in that 
the device comprises an adsorbent gel consisting of a 
matrix based on an agarose derivative onto which is 

10 grafted polyethylene glycol coupled to iminodiacetic 
acid itself coupled to copper (I) ions and having a cut- 
off of 20 kDa. 

8. Use according to claim 7, characterized in that 
the biomolecule is serum P2 -microglobulin . 

15 9. Device according to any one of claims 1 to 5 , 

characterized in that the device is an extracorporeal 
dialysis system. 



AMENDED SHEET (ARTICLE 19) 



Abstract 

The invention concerns the use of an adsorptive size 
exclusion chromatography gel, said gel essentially 
consisting of a polysaccharide matrix whereon is grafted a 
polymer coupled with an affinity ligand and having a 
cleavage threshold ranging between 2 kDa and 6 0 kDa for 
e'liminating a purifying biomolecules . 



OBLON ET AL (703) 413-3000 

DOCKET # ^SHEET.^OF_£^ 



11% JL:j] ""il! T% jji':. "jt- ""V' jI li.jj" i- ■i| 



09/830677 



WO 00/2591 S 



PCT/FR99/02635 



1/a 



PATIEMT 1 



A. 




PATIENT 




REPLACEMENT SHEET (RULE 26) 



OBLON ET AL (703) 413-3000 

SHEET ^av 6 



DOCKET #_ 



830677 



WO 00/2591] 



FCT/yR99/02635 



2/B 



o 

CD 
CM 



Q 
O 



o 

00 
CM 



Q 
O 




0^- 



Time 



o 

00 

Q 
O 




Time 



REPLACEMENT SHEET (RULE 26) 



OBLONETAL (703) 413-3000 ^//O^U6/f 
DOCKET # ^SHEEr^OF,£„ 




REPLACEMENT SHEET (RULE 26) 




REPLACEMENT SHEET (RULE 26) 



OBLON ET AL (703) 413-3000 
DOCKET SHEET gTo F ^ 



09/830677 



WO 00/25911 



PCT/FR99/02635 



5/8 




Mass/cliarge 



11732 Da 



Mass 




lAJb 



1 



Mass 



B 




11T32 Da 



Mass/ciiarge 



Mass 



REPLACEMENT SHEET (RULE 26) 



OBLON ET AL (703) 413-3000 
DOCKET # ^SHEET_AoF_^ 



WO 00/25911 PCT/FR99/02635 



6/8 




-5^ 




7^ 



REPLACEMENT SHEET (RULE 26) 



OBLON ET AL (703) 413-3000 
DOCKET #_ SHEET 7" OF ^ 



09/830677 



WO 00/25911 



PCT/FR99/02635 



7/8 




- 10 e 



CP 



1 



(minutes) 



Figure 8 



^1 




<- B2-M 



Figure 9 



REPLACEMENT SHEET (RULE 26) 



"OBLON ET AL (703) 413-3000 UV / O j\ju7f 

DOCKET # SHEET_2.0F.£L, 



WO 00^59,1 PCT/FK.9m635 

B/S 




REPLACEMENT SHEET (RULE 26) 



Fax em 



IS par 



8344283910 



UTC LTE 



Declaration and Power of Attorney for Patent Application 
Declaration ct Pouvoirs pour Demande de Brevet 
French Language Declaration ! 



Ijn taiit rinvcnteur nomm6 cj-apr6s, je d6clai^ 
par le present acIc que : 

Mon domicile, mon adrcsse postab et ma 
Aationaiii6 soul ceux figurant ci-dessous h c6t^ 
demon nom. 

Jo cfois 6tre le premier invcnteur ori^nal et 
unique (si un scul nom est mcntionnd 
dcBSOUs), ou Tun des premiers co-invcnteiirs 
originaux (si plusieui-s noms son! nicErttionn^s 
ci-dcBBOus) de robjct revcndiqu^, pour loquel 
une demande de brevet a 616 d£pos6e 
eoncemant Tinvcntion intitul6c 



et dont la description e&t foumio ci-joint & 
moins 

Q Qi-joint 

n a 6lA d6pofi6e le 

sous le nuni6ro de demande dcs 
ntat«-Unis ou Ic num6ro de demande 
international rcx 

ctmod)fj6e]e 

(le cas 6ch6ant). 

Je ddclare par le present acte avoir pa&s6 en 
iwue ct compris le conteiiu de la description 
ci-dcssuB, revendication& comprises, telles que 
modifi6es par toute modifjcatlon dont il aura 
iii fail nSfitrences ci^essus. 



Je i^econnais devoir divulguer loute 
information peitincnte h la brevetabilitd* 
comme difini dans le Titrc 37, § 1.56 dii Code 
f6d6ral d^ fdglemcntations. 



As a below named iiWcntor, I hei^by declare 
that ; 

My residence, poijit office address and 
citizenship arc as statctd next to my name. 

I 

i! 

I believe 1 am thdi original, first and sole 
inventor (if only one; name is listed below) or 
an original, first and joint inventor (if plural 
names arc listed belW) of the subject matter 
which is claimed a^i for which a patent is 
sought on the invcntli>n entitli^ 



Use of an adsorbenlf: gel for eliminating and 
purifying biomolecuVles 



tiie specification of iA^hidi 



□ is attached heti^to. 
n was filed on I 

i 
t 

as United States Application Number or 
PCT intcmatiiinaJ Application Number.. 

l>CT/FR»9/02<i35 flli^^d on October 28, 1959 

' t 

' r 

; and was amended on 
(if applicable). 



I hereby state tl^t I have reviewed and 
imderstand the consents of the above identified 
specification, including the claims, as amended 
by any amendment ^referred u> above. 



I acknowledge the iluty to disclose information 
which is material t^^ patentability as defined in 
Title 37, Codeof Fifd<^al RcgulationSi§ 1.56. 
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French Language Declaration 



Je ivvcndiqiw p9t \e pitscnl acto &vfiir la priorltft flreingfetv, cn 
vcrtu dn Titjt 15, It 1 19(flH<*) § 3<>S(b) du Code dos lltaifi- 
Unis, dur loutc deinmidc 6trflrig6re do hrevel aw oeriifical 
d'bivcntwr qu, ot verlii du Tiire 35. fi 365(fl) du m&KW Codts, 
9ur loulc d^mattdc internaiioTiiile PCT d^lgnant au inoinB un 
pays ayire que \t& Eia<8~Uni& ct ilffunoil cl-deKsouH et, on 
coc^tttm In Qm&» ym dusfii indiqu^ ci'dcsRous iou1« deraandc 
6tran£6n dc tpvcvot^lou* oortificat dMnvcnteur otj (oute doinfuide 
intcmaikwifllc PCX nynnl date de depftt prtcddan* oellc dc Ja 
demands ft jprtipOB dc tRqaoDe une priority c$l revondiqute. 



Prior Fo«>lfi» applicaiionCs) 

Dcniandc(B) de brovct 3iitfificun;(s) dans un iiuire payu. 



(Numbcr) 
(Ntlinflro) 

(Number) 
(Nuin^ro) 



(Ctnmlry) 
(Pays) 

FRANCR 

(Counlfy) 



I hofciby claim foreign pfiomy under Titk 35, Unhed StMos 
C^dt* § ll9(DKd) or § 365® of any foreign appIicB!ion(fi) for 
patent or itivontor's ccrti/li&to. or § 365(6) of any PCX 
InicmoiionM application wlikJK designated at least one oonnuy 
other than the Unitod Stales, Ibtied (iclow, ami have also 
ideiitifiod beIow» by dwckini^^ box, ony fMpi npplioaUon 
fbr p*teiii or inveutor'e jtiBilificaie, or PCT lid^uitional 
application having a filing daSo belDro that of tlic application on 
whi(?h priwily Ifi claiined, j 

j Frloriivfflalmpd 
i Dr&ii dcpiiaril^ 



(Day/Monlh/YoBr Filed) 
(Jour/Mois(Aiw6de d6p^) 

i 

(Day/Mo]ith/Yoar FiM) I 
(Jour/Moi8/Ann6dcdAp6t) 'j 



Yog 
Oul 



P 

Yes 

Gwi 



□ 

No 
Non 



□ 

No 
Non 



h rovondlque par tc prfeeni acic lout bdn^noe, cn vertu du Titi« 
35, § I J9(o) du Code doe lUitfi-Unis, <te touio demands dc brevet 
pravlsoire enbctu6e wx EtatS'Unifi et Hgurartl oi-dessous. 



(A|i)>1icaliou No.) 
(N"^ dc dentando) 



(Filing Date) 
(Dalededi^p6t) 



Je revcndlque par le pr6sotit ude lou; biniSiWy cn vertu du Titre 
35, § 120 du dog Utata-Unis, de loute demando de b»vet 
cflWMu6o aux BtatS'Um&t ou en vertu du Ifitre 35, $ 36SO du 
mfime Code» de toute domande intcmatinnale ]>CT dteignant lee 
BtftU-UniB et ilguinnt d-dessous d, dans la mesuro oA Pobfet de 
cltficunc des rovendictitlons de cetto demnnde do brevet n'cst pan 
dtvulgu6 dans l» donwnde ant^ieuro «m£ricaine ou 
intoniHtionfilc PCT, cn vertu dcs dl&positiona du pDeimer 
poragraphe du Titfe 35, § 1S2 du eodo dcs Eiais-Unls, Jo 
reoonnnis devoii' divulguer (oute iofoitttAtion penuwnle A la 
brevctablllt^, commo ddfini dane le TUro 37. § 1.S& du Code 
fMm\ doa riglemonmtton$, dont j*al pu dieposer ontrc lo date de 
d^pdi do la demando ant^ieme et Ia date de d^ftt dc la dimuiiide 
nalionBle ou imormillonato ICT de la prisenlo demando : 



I lreii?by elalni the benefit i^i^der Tide 35, United Slatev Code, $ 
119(e) of any United St^jf|B provisioniil applicatton(s) liAted 
below. ' |. 



(ApplleationNo.) 
(N" de dcmande) 



(Filing Date) 
'(Da1cdedfip6l) 



Oiide 



I hcn^y claim the bsneHt iMcr 'Htle 35. United States Code. § 
120 of any United Stutcs abJdiMiloiKs), or 365(e) of any PCT 
International applieation qot^lgnating the United Slatefi. listed 
below and, inwl^ as the aiA>ieet natter of e&di of the claims of 
thJa ftppiicatlon is not dlsolf^ in llio pnOf United SlalCB or PCT 
Iniomaliunitl application ill i^o manner pzwided by the tirsi 
paragraph of Title 35. Utili^ States Code, § 112, 1 acknowledge 
the duly to disclose mfomiation which h material io 
pateaiabilily as defined in Jjflle 37, C^odc of Fodeml Rogwlotions, 
§ 1^6 wliich became avqllnble between ttw niii^ dale of the 
prior applkAUojfi and the national or PCT international OHng date 
ofthisappllcAlion. 



(Appiioation No.) (Filing Date) 

(N* dc demando) (Date de d6pdt) 



(Appl leaifon No,) (Filing I>a(«) 

(N'dedcinande) (Daieded^pfiO 

Jo d^lore que par lo pr^fcnt acte q^e louto declaration cl-induBe 
e&t, ft nw oonnaiasance, v^idiquo et t^ue toule declaration 
fbrmul6e A partlr do lenBctj^ement^ ou do Bvpposltions efii tcnuo 
pour v^ridique ;ot de plus, que toiitos ces ddelarAtlons ont 
formula on {tachant que toule fmiase declaration volontaire ou 
son equivtfletil est |>aKA{bIo d*une amende ou d'une incarodration, 
ou dcs deuXf cn vertu do la itcilon 1001 du Titte 18 du Code de 
Etatfr^VnlSf ol que de teller declarations volontnirraiiem Aiiisscft 
rivquetit do conipfontettre la validity do la demandc de brevet ou 
du brevet d^tvr6 i punlr de cellc-ci. 



(Status) (patented. pettdtn^Abandoned) 
(Statut) (foi^vetd, en oouT]s7|^examcnt obandonn^) 

(Stfltus) (pfttemcd, pendm^bondoncd) 
(Statut) (brcvet6f cn cQurs^*e>iamon. abandonn^) 

I hobeiy doctare tliat air Liaioments made hotcin of my own 
knowlectgo are tine and Ui^t all AiAtomcntfi made on Informftiion 
end belief are believed lo be true; and ftiribcr that theae 
statements wert made vtrjih the knowledge that willful ftilsg 
stalemontv and the Ukei jbo made vrt punishable by ftnc or 
mipnftonmcnt. or both, liridor Section 1001 of lille IS of the 
United Siufes Code and fls^i stich wlllflil false statements may 
Jeopardize the velidity iM Uio applicaiion or any patent lAsiied 
ibcreon, 

if 
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POUVOIRS : En tant que Tinventeur cit6, je designe par la 
presente V(ies) avocats(s) et/ou agent(s) suivant(s) pour qu'ils 
poursuive(nt) la procedure de cette demande de brevet et 
traite(nt) toute affaire s'y rapportant avec T Office des brevets et 
des marquees : (mentionner le nom et le numero 
d'enregistrement). 



POWER OF ATTORNEY : As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to persecute 
this application and transact all bussiness in the Patent and 
Trademark Office connected therewith : (list name and 
registration number) 



Norman F.Oblon, Reg. No. 24,6 Marvin J. Spivak, Reg. No. 24,913 ; C. Irvin McClelland, Reg. No. jl,124 ; Gregory J. Maier, Reg.No. 
25.599 : Arthur I. Neustadt, Reg. No. 24.854 : Richard D. Kelfy, Reg. No. 27.757 : James D. Hamilton, Reg. No. 28,421 ; Eckhard H. 
Kuesters, Reg. No. 28,870 ; Robert T. Pous, Reg. No . 29,099 ; Charles L. Gholz, Reg. No.26,395 ; William E. Beaumont, Reg. No . 30,9^ 6 ; 
Jean-Paul Lavalleye' Reg. N j).3 1.451 ; Stephen G. Baxter, Reg. No. 34,884 ; Richard L. Treanor, Reg. No .3 6, ^79 ; Stephen P. Weihrouch, 
Reg. No . 32,829 ; John T. Goolkasian, Reg. No. 26.142_: Richard L. Cinn, Reg. No.J^^ii.; Stephen E. Lipman, Reg, No^jO^Oll; Carl E. 
Shlier, Reg. No. 34.426 : J ames J. Kubaski, Reg. No.JAM^ Richard A. Neifeld, Reg. No. 35.299 ; J. Dereck Mason, Reg. No. 35.270 : 
Surinder Sachar, Reg. No ^ 34,423 ; Christina M. Gadiano, Reg. No . 37,628^; Jeffrey B. Mclntyre, Reg. No . 36,86^ ; William T. Enos, Reg. 
No, 33,128j ^Michael E. McCabe, Jr., Reg. No. 37.182 ; Bradley D. Lytle, Reg. No. 40,073 ; and Michael R. asey, Reg. No. 40,294, with ftili 
powers of^bstitution and revocation. 



Addresser toute correspondance a : 



Send Correspondence to : 

OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT , 

IFFFFJ?^ NJ1A\^I S HIGHWAY 
XrLINGTON. VJRGINIA 22202 U.S.A. 



P.C. 



Adresser tout appel telephonique a : 
(nom et numero de telephone) 



Direct Telephone calls to : (name and telephone number) 
(703)413-3000 



Nom complete de I'unique ou premier inventeur 
OaJAYALAKSHMI MookambeswargJl- 


Full name of sole or first inventor 


Signaturejlded'iiiventeur ' . Date 


Inventor's signature 


Date 


Domicile' V \ 

60200 COMPIEGNE (France) 


Residence "^ITj^^^ 


Nationalite 

Fran^aise 


Citizenship 




Adresse Postale 1 

5 Square Charles GounoT60200 COMPIEGNE (France) 


Post Office Address 






Nom complete du second co-inventeur, le cas echeant 
PITIOT Olivier 


Full name of second joint inventor, if any 


Signature de T inventeur Date 


Second inventor's signature 


Date 


Domiciles' 

02200 SOISSONS (France) 


Residence 


Nationalite 

Fran(?aise 


Citizenship 


Adresse Postale 

5, Rue de PIntendance 02200 SOISSONS (France) 


Post Office Address 







I- 



(Foumir les memes renseignements et la signature de tout co- 
inventeur supplementaire.) 



(Suppply similar information and signature for third and 
subsequent joint inventors.) 
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Faxi en is par 



0344203910 



UTC LIE 



French Language Declaration 



POUVOIRS : Hn lam que rinvcntcuf cixt, jc Jisigno par la 
pT6£»enie !'(Iq8) ovocal8(s) cl/ou 8gcnl(fi) 8uivant(h) pour qu*il(; 
l>Qiir6uive(nt) la pioc^\irc de cottc dcinandc d« brovct ei 
trflile(nl) loutc aflfairo s'y nipportant evtc 1 'Office des brovct* et 
dee marquccB : (mcnlioniier Ic nom ci le num6fO 
d'onrettiKlreiTiont). 



POWBR OF AlTORNEy;-As a nanied inventor, 1 hereby 
appoint ihe following ationli:y(6) find/or ogontCB) to poreceulc 
Uu8 Ri>pb'coiion nnd iraiisndt all bussincss in the Poiont nnd 
Trftdcmttrk Office coanccAc*d (horcwiih : (list nanio and 
rogistfttlion \ iiuipbcr) 



Norinen r.Oblon. Key. No. 24,618 ; Marvin J, Spivnk, Key. No. 24,913 ; C. Iivin McCloIland, Reg. >Jo. 
25,599 ; Arthur I. Noustadt. Keg. Nc>. 24,854 ; Richard D. Kelly, Reg. No, 27»757 ; James l>. Hutni' 
Kuosiors, Keg. No. 2»,870 ; Robert T. Pou8» Reg. No. 29.099 ; Charles L, GHolz, Hcj;. No.26395 ; Will 
3con-PaviI Lavalleyc, Reg, No.3K451 ; Stephen Baxter. Reg. No. :^4,884 ; Richard L. lYeanor, Reg,- 



7:M24 : Orcgory J. Maier, Rog.No. 
ion, KcK. No. 28,421 ; Eekhurd U. 
flm n. Beaxinnont. Rog. No. 30,996 ; 
Ho.36»379 ; Stephen P. WeiliTOueh. 




No. 33.128 ; Michael E. McCabe, Jr., Reg. No. 37.182 ; Bradley l>- Lyllo. Reg No. 40,073 ; and Michu^l R, asey. Reg. No. 40,294, with full 
powers of 8ubntilulioi) and T*vooa lion. 



AddreftRct touto comispondRin^ 6 ; 



Send Correspondence to : 

OBl>ON. SPIVAK, McCLElll .ANl>i MAIER * NKUS I ADT, P.C. 
I'OllltTH 1'LOOR 
1755 JRFFBRfiON DAVIS illOHWAY 
ARUNUlON,«VlRGlNIA 22202 U.S.A. 

1: 





AdrcAfier tout appcl l4I6phoniquc A : 
(nom ct numiro de t^l^phone) 


Direct Telephone calls to : 


riome and telephone number) 
1:^)413-3000 










X 


Noni complete do i*unique ovi premier invonteur 
VIJAYALAKSHMI MookambcRwaran 


Full name of sole or fiTftl invent 




Signature dc rinventem- r>«tc X. 


Inventor'* signalufe 


; Pate 


Domicile 

60200 COMPIEGNli (France) 


Reitldencc 






Nattonalild 

T^rangaisc 


Citizenship 

1 • fi^-- ^ — — 




Adret*8C Postaie 

5 Square Charles Gounot 60200 COMPIRGNE (France) 


Post Otrico Address 

. i 












Notn complete du second co-invcntcur. le cas ccheant 
PITIOT Ollvlia^ / 


Full name of second joint invci 


IS^ft if any 


>< 


^i^iaturcderinventou*^ — ^ v. ^.-1>atc 


Second inventor's signature 


Date 


t>omicile 


Residence H 

1 






Nationality 

Fnni9aise 


Citizenship 






Adrossc Pofttole 

5, Rue de rintondonce 02200 SOISSONS (France) 


Post Office Address 








- — i 





(Fonniir Icfi m6n^09 ncnHfclgncmcntH e( la signature de tout co- 
invent our supplinientairc.) 



(Suppply shnilar irtforma^iOn and signature forJhirdftnd_ 
Kvibsequcnt joint jnventor^.) 
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French Language Declaration 



Nom complete du troisieme co-inventeur, le cas echeant 

LEGALLAIS Cecile ^^3^ 


Full name of third joint inventor, if any 


Signature de I'inventeur j^^^(Z£^^ — Date 


Third inventor's signature 


Date 


Domicile 

60340 VILLERS SOUS SAINT LEU (France) 


Residence 


Nationalite 

Frangaise 


Citizenship 


Adresse Postale 

15, Rue du Chateau d'eau 60340 VILLERS SOUS SAINT 
LEU (France) 


Post Office Address 






Nom complete du quatrieme co-inventeur, le cas echeant 
MORINIERE Philippe 


Full name of fourth joint inventor, if any 


Signature de I'inventeur Date 


Fourth inventor's signature 


Date 


Domicile 

80000 AMIENS (France) 


Residence 


Nationalite 

Fran^aise 


Citizenship 


Adresse Postale 

102 Avenue Foy 80000 AMIENS (France) 


Post Office Address 






Nom complete du cinquieme co-inventeur, le cas echeant 


Full name of fifth joint inventor, if any 


Signature de I'inventeur Date 


Fifth inventor's signature 


Date 


Domicile 


Residence 




Nationalite 


Citizenship 


Adresse Postale 


Post Office Address 






Nom complete du sixieme co-inventeur, le cas echeant 


Full name of sixth joint inventor, if any 


Signature de I'inventeur Date 


Sixth inventor's signature 


Date 


Domicile 


Residence 


Nationalite 


Citizenship 


Adresse Postale 


Post Office Address 







(Foumir les memes renseignements et la signature de tout co- (Supply similar information and signature for third and 

inventeur supplementaire,) subsequent joint inventors.) 
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UTC LTE 
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Frencli Language Declaration 



X 



;i ^ 1 


Norn coiTiplele du «ioitienio co-lnvenlcur, lo aa dchiunt ' 
I.EGA1,LAIS C4cllc^ . 


?u» nsme of ihiM joint mvoiiw . 1? 6«y 




rhiitl iTivenior*B ftlgnalurc 


Domicile ,„ X 

6034& VILLERS SOUS SAINT LHU (Frat>ce) . , 


Residence . ; 


Nationality 




tJ^^cTciiftlcau d*ca„ VILLBRS SOUS SAINT 
LBU (France) /J — 


Post OfTice Addj^ess i 

i 

iJ ^ ■ — 




t ; 




Full nmnc! of fourth joim invcntOi; if ftny 

, i. , 






roiirin iftvemor » nigtmiH'^ 


Domicile 1^^-^***'^ / 


Residence ^ — v/* : = 

•^/SAi: 


Rnnnft/y^lENJSfFiancc^ r -^^ — — 

Nationalitd 1 

Pron^Ri^c ^ 


Citixtnsldp ) 

iA-^ — ^ ^ 




Post OfTiw Address : 


102 Avenue T^«y AMIENS (Fffliicc) 


/ i 

— — fi-r— — — — " 


Nom oDiHTl^e dii cinquiftmc oo-invontcur, Ic cr9 Pplwanl 


Foil n»ffle of fiHli joint iTtvenioT,ir any 


Signpiuro dc rinvontwt 


I'inh invcnttir's signature ; 


Domicilo 


Residimee ; 


Nation^ti 


CiU7ieni)hip .1, 


AdTVfise Postalc 


Posi Offiee Address • 






Num complete du Hnifcme co-invtnleur, le cas ochcBnl 


Fun namcof sixth joltiMiwerttijir, if <iny 


Signatured* I'invcnt^iuf 


Sixth invcoior'8 eigtiaturo :. ; ^"•^^ 


Domioilc 


Residence [■ ■ 


NaUtmallt^ 


Citiwnship | 




~ Post Oflke Addresft 1 

, 







(Foimir Icfi memes nns^m^nH cl la signature de tgui co- 
invonteur supptdmentiiira) 



(Supply similar infomtfJlion and Bigiialwre for tJvrd and 
subsequent joint inventor^;) 
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